For most ionic molecules, sufficient experimental information is not available for the construction of an RKR potential curve; thus, model potentials have been employed which use some of the experimental information in their construction (e.g., Born-Mayer and Rittner potentials). In this paper, we present a simple method for constructing model potential curves which allows one to use all the available experimental information and to easily incorporate new information as it becomes available. This method, employing a Pade approximant technique, is capable of predicting the value of higher Dunham coefficients to within experimental accuracy from a knowledge of the lower ones. Consequently, it also predicts some spectroscopic properties from a knowledge of other data to much better accuracy than the Rittner or Born-Mayer models.
I. INTRODUCTION
The construction of potential energy curves from experimental data is an important problem in molecular chemistry. The most exact procedures to construct the curve is the RKR I -3 method, but often the experimental data are insufficient to perform this technique. We are therefore forced to other, less reliable, procedures. Ionic molecules, and the alkali halides in particular, are unfortunate in this regard since there is not enough information for an RKR, and yet the curve crossing which occurs has made these molecules the object of a large number of experimental investigations. 4 - s Recent experimental and theoretical work 4 ,9, 10 has indicated that the nuclear motion for most of the alkali halides is governed by the diabatic rather than the adiabatic potential curves. This is due to the large crossing points of the diabatic curves of the alkali halides. In such, nonadiabatic cases, the covalent and ionic configurations do not mix, and the dissociation products are the ions. Thus the most useful models have been the Born-Mayer ll and its logical extension, the Rittner. 12 These potentials employ the knowledge of the asymptotic behavior for the diabatic curves, in addition to limited information about the minimum, in order to construct potential curves which are capable of reproducing the dissociation energy to about 5%, but which fail to give the spectroscopic constants correctly. 13, 14 In a recent investigation,6 it was found that the error in the Rittner and truncated Rittner is too large to enable the determination of the excited state potential of KI in chemiluminescence experiments. Hence a potential was synthesized by piecing together a truncated Rittner curve to a HulbertHirshfelder curve via a cubic spline fit. Thus, although the Rittner potential is useful, it is not quantitative; it would be highly desirable to have a systematic procedure for developing these potential curves from experimental data as it becomes available. In a classic paper, Dunham 15 developed the Taylor series expansion for the potential of a diatomic molecule in powers of (R -Re)/Re, Re being the equilibrium point of the potential. It is well known that this series cannot converge beyond 2Re due to the presence of a pole at the origin. 16 However, in a recent paper, Simons, Parr, and Finlan17 (SPF) outside its radius of convergence by rearranging the series, obtaining a new series with an extended radius of convergence. The SPF curves, while remaining finite as R goes to infinity, often extrapolate far from the correct dissociation limit. In some cases the SPF curves display a maximum for large R and in the R -<Xl limit drop below the bottom of the potential well. A further difficulty noted by SPF is that the small R behavior may be unrealistic, tending to worsen as the correct large R asymptotic behavior is forced on the series.
In the present paper, we present a technique, using Pad"e approximants l8 (PA), to construct the potential energy curve for ionic molecules. This procedure is superior to the SPF procedure, and in fact contains it as a special case. However, the SPF change of variable is useful and allows our procedure greater flexibility. Our procedure is Simple in conception and straightforward to apply: a rational function is formed as an approximation to the potential curve so as to reproduce the first few Dunham coefficients and (eventually) the dissociation limit. The approximant formed from just a few pieces of experimental data is capable of reproducing other experimental data (within their known accuracy).
In Sec. II, the theory is developed and compared to SPF in Sec. III. The two point approximants are introduced in Sec. IV. Comparison to experiment and other models are made throughout.
II. THEORY
Dunham 15 assumed a potential energy of the form
where 
The coefficients db e band e 2 are determined by requiring the expansion of (3) to reproduce the first three terms of the series (1) giving
This equation has the correct behavior around the minimum of the curve and goes to a constant as R -00, giving an approximate value for the diabatic dissociation energy D t (6) This simple approximation works extremely well for the diabatic potential curves of the alkali halides. In this paper we are ignoring the ubiquitous curve crossing problem and are considering dissociation into ions. Use of the [2, 2] PA for extrapolation to D t is much less reliable in the case of covalently bonded molecules. 22 This is not surprising since the curves for covalently bonded molecules, which display a 11R6 asymptotic behavior rise much more steeply than those for ionic molecules which asymptotically interact coulombically.
If the a a and a 4 Dunham coefficients are also available the [3, 3 ] P A can be formed.
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Expansion of the denominator of Eq. -aa+2ala2-a~ (11) (12) and the estimated dissociation energy is 
The as's obtained from Eq. (14) agree quite well with the experimentally determined ones (to within experimental error in all but six cases). As shown in Ref. 22, Eqs. (14) and (15) are poorer approximations for covalently bonded molecules. Thus, not only does the [ 2, 2] P A provide a substantial improvement over the Dunham expansion utilizing the same data [as evidenced by the success of Eqs. (6) and (14)], but it also provides a means of estimating additional spectroscopic constants from those which are known accurately. 26
To the first order, the following approximations are valid: The potential developed by Rittner has the following form: [3, 3] PA is superior to the [2, 2] in the lower half of the potential curve, but the dissociation energies obtained from it may be poorer than those from the [2,2] PA. In principle one could hope to learn something about the curve-crossing problem 4 from a Pad~ analYSis of the series expanSions. However we expect that this would require many more Dunham coefficients than can be generated from existing experimental data. Further they would have to be determined with more preCision than is now possible. In fact, the uncertainties in many of the as's are so large that it is questionable whether they should be employed at all in analytiC continuation. 
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III. COMPARISON WITH THE METHOD OF SIMONS, PARR, AND FINLAN (SPF)
In this section we compare the P A procedure with the Euler transformation 29 method of Simons, Parr, and Finlan (SPF) to rearrange the Dunham expansion of Eq.
(1), expanding in (R-Re)/R=y instead of (R-Re)/Re '" ~, obtaining USPF(R)=boy2[1+bly+b2y2+bays+"'J (24) where the coefficients b j are given in terms of the Dunham coefficients a j as
Unlike the Dunham expansion the US PF series extrapolates to a constant. However the PAis in general, as discussed by Baker, l8.S0 a more powerful means of analytic continuation. In terms of the variable y arbitrary P A forms in terms of y. Hence the SPF variable y appears to be more generally useful for analytic continuation by P A' s since a wider variety of functional forms can be used. For the KI the U SPF potential is
In Fig. 1 In those cases in which al through as are accurately known but no reliable value for a4 is available one may now proceed via the [3,2] PA on the U SPF series.
The [3, 21 P A on the Dunham series would tend to zero as R -00. In the case of LiF the R -DO (y -1) limit of Eq. (27) gives a dissociation energy only 3.2% too high (the [2, 21 PA result was 9.1% too high). However due to the much greater uncertainty in most of the as than in the ao, ai, a 2 , this approximation may not always lead to an improved curve for large R. For example the [2, 2] PA for KCI gave aD; 6.4% too high while Eq. (27) gave a result 11. 9% too low.
IV. TWO POINT PADE APPROXIMANTS
Two point PA'sso-32 have recently been introduced in treatment of· physical problems in which one has expansions about two points. The construction of potential curves via two point P A's seems highly desirable for ionic molecules where one knows the exact values of the first three coefficients in the R"l expansion of the potential at large R in addition to any spectroscopic data: (8)- (12) had no poles for ~ real and positive. However, some of the two point [3, 3] P A's have a spurious pole for ~ >0. 22 In Fig. 2 We have also studied Sandeman's34 inversion of the Dunham series
(34) where the first few conversion formulas between the aj and hi are
(35) (36) (37) (38) Equation (34) 
(39)
In Fig. 3 we compare the potential curve generated from Eq. (39) and compare it with the quartic Dunham and the [ 2, 2] PA results for KI. As depicted in the figure, the Sande man expression has a larger region of usefulness than does the Dunham expansion. However for R > 1.3R .. and for R < 0.8Re the [2,2] Pad~ seems to provide a much more reasonable potential curve. Inspection of Eq. (40) reveals that U -00 as R -00. The inability of the inverted Dunham expansion of Sandeman to accurately continue the results vary far beyond the region in which spectroscopiC data is utilized is also the case in RKR. 33 We expect that PA's will also prove very useful in extending the RKR method especially in the estimation of accurate dissociation energies and long range behavior when the energy levels are known except near the dissociation limit. 37.38
V. SUMMARY AND DISCUSSION
In this paper we have introduced a new class of approximations to potential curves of ionic molecules. Since RKR curves do not exist for alkali halides due to lack of sufficient experimental information, approximate potential curves which reproduce the known experiments are of importance. These have the highly desirable property of providing a systematic means of utilizing available information describing the molecule near the bottom of the well in addition to the asymptotic behavior. We are currently studying the spectrum calculated from the various PA potentials developed here. This should provide a stringent test of the utility of these models. These results will be compared with those of the Rittner model, various spline-fitted curves as well as the available experimental vibrational and rotational transitions. We are also investigating various means of circumventing the Dunham expansion, which in principle should be an excellent procedure, but computationally does not allow for accurate evaluation of the higher Dunham coefficients. 23 One possible procedure involves a direct least-squares fit of a rational function to the experimental data. We expect that the P A type potential curves especially when combined with an analogous analytic continuation treatment of the dipole moment a3 will prove useful in the study of thermal and photochemical reactions where the alkali halide products are often excited to v -100 or higher. 39
Earlier we mentioned that due to the R"s asymptotic behavior of covalently bonded molecules, the [ 2, 2] PA will not provide as useful a description of covalent mole- [2, 21 Dl goes to the correct dissociation energy and the Rittner curve extrapolates to a result 3.1% too low. On the scale used here, the three curves are essentially superimposable for R < Re. We have shifted the Rittner curve by adding the dissociation energy. , . , . , . , .
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• cules as for the diabatic ground state curves of ionic molecules. In fact, it is necessary to employ a [6, 6 ] or higher order P A to obtain the R-s asymptotic behavior. The more complicated nature of the interaction in covalent molecules at intermediate distances 40 also requires more information than that contained in ao, a b and a 2 if it is to be reproduced by a P A. Molecular quantum mechanical calculations demonstrate that the alkali halides can be reasonably described, even appreciably far from R. by just the Hartree-Fock ground state wavefunction.
4o However in the case of covalent molecules one must consider the mixing of various excited determinantal wavefunctions with the Hartree-Fock ground state.
The recent pseudopotential calculations on various alkali halides by Redmon and Micha 41 also indicate that for R <Rc (the crossing point of the diabatic curves) a single configuration (the ionic valence bond structure) is necessary to describe the potential curve. Although only results on the alkali halides are reported in this paper, the methods described her~ should be useful in studying other ionic compounds. Calculations on several other classes of halides including those of copper, indium, silver, aluminum, thallium, and gallium also have been performed and the results are promising.
22
Preliminary studies have also indicated the utility of PA's in the study of metallic hydrides and oxides.
